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Section S1. Hydroclimate synthesis Section S2. SST synthesis Section S3. Climate model Section S4. Simulations Section S5. Initialization and climate equilibration Section S6. Quantitative proxy-model agreement Section S7. Climate response to ice sheet boundary conditions Fig. S1 . Climate response to exposure of the Sahul shelf as a function of land surface properties. Table S1 . Updates to the synthesis of LGM hydroclimate. Table S2 . Compilation of SST proxies. Table S3 . Sea level simulations. Table S4. LGM and single-forcing simulations. 1. Hydroclimate synthesis Section S We evaluate our simulations against a synthesis of hydroclimate changes at the Last Glacial Maximum (LGM) derived from rainfall-sensitive proxies. The current synthesis is an update to our previous compilation (10) incorporating new records published since year 2013, as well as corrections to existing records. A total of nine new sites were added to the synthesis (listed in Table S1 ). Proxy records from these sites largely agree with our existing synthesis suggesting drier LGM conditions relative to present over a large area of the Indo-Pacific warm pool (IPWP), from central Sulawesi (3, (39) (40) (41) , Flores and Sumba (42, 43) , to northern Australia (44). The one exception is a vegetation record from Northeast Borneo showing unchanged conditions (43), albeit not altering the overwhelming evidence that Borneo was also drier during the LGM. If interpreted in the context of the amount effect, proxy records tracking the isotopic composition of rainfall from Sulawesi and Sumatra (40, 45) suggest muted aridity or even wetter conditions during the LGM relative to present, in conflict with the overwhelming evidence for drier conditions, particularly in Sulawesi (40). In fact, Konecky et al. (40) argue that precipitation isotopes in these regions record shifts in moisture source, as opposed to the local amount of rain. Therefore, we exclude any isotopic records from this region when the inferred hydrological changes are not supported by other co-located proxy records.
A new record from inland East Africa (46) supports previous evidence of drier conditions over this region during the LGM. A new multi-proxy biomarker study shows reduced relative humidity over the eastern slopes of Mt. Kilimanjaro in Kenya (47). We exclude this record from our synthesis because relative humidity changes are not necessarily correlated with rainfall changes during LGM due to the effect of a globally colder climate. Riverine runoff records are also excluded from the synthesis due to complexities in their interpretation due to altered coastlines during the LGM, particularly over shallow marginal seas (48). Many of these records, however, show changes consistent with the existing synthesis, supporting drier conditions over the IPWP center [e.g. (49, 50) ] and unchanged conditions in the western Pacific [e.g. (51) ].
Last, a lake level record from Lake Abhe was originally inferred to have been high during the
LGM (52), but recent re-assessment of the record indicates that the lake was dry from 20, 200 and 19,000 years BP (53). Therefore we categorize the site as dry during the LGM.
SST synthesis Section S
To facilitate the diagnosis of the mechanisms of LGM hydroclimate change, we compiled publicly-available sea-surface temperature proxy data from the Indo-Pacific Warm Pool (IPWP) region. These data must contain, at the least, LGM (19-23 ka) and Late Holocene (0-4 ka) data, and be located between 25 S -20 N, 25 -170 E, in order to match the spatiotemporal domain used in our previous hydroclimate and sea-surface salinity (SSS) categorical syntheses (10).
Due to issues surrounding no-analog conditions in tropical microfossil assemblages (54) and difficulty in propagating errors for the assemblage multiple regressions, we focus on geochemical indicators for sea-surface temperature (SST): alkenone (U K 0 37 ) data (n = 40), paired Mg/Ca-18 O data (n = 40), and TEX 86 data (n = 5). These data were previously compiled in ref. (55) .
For the TEX 86 data, we used the latest BAYSPAR SST calibration of ref. (56) and a prior standard deviation of 10 C to convert values to SST estimates. We did not apply older calibrations as these suffer from regression dilution and will yield an incorrect magnitude of change in warm tropical waters (cf. ref (57)). We applied several different calibrations to the alkenone and Mg/Ca data to test the sensitivity of our pattern correlations to calibration choice (results are described in Section 5 below). For U K 0 37 these included the Sonzogni '97 (58), and Muller '98 (59) calibrations as well as the new Bayesian calibration, BAYSPLINE (55), with both a generous 10 C and more informative 5 C prior standard deviation. For the Mg/Ca data, we corrected all data for dissolution and cleaning protocol differences in a consistent way prior to applying calibrations: data were corrected by 11 ± .049% (2 ) if the authors of the original study used a reductive cleaning protocol (60) In addition to the calibration treatments, for sites that used 14 C dates to constrain depth-age relationships, age models were calibrated to the Marine13 radiocarbon curve (65) for consistency. The LGM temperature anomaly is calculated as the difference between the mean of values between 19-23 ka and 0-4 ka. Table S2 lists all the core sites in the compilation, along with their location, data type, average LGM anomaly, and relevant references.
Climate model Section S
CESM1 consists of coupled general circulation models of the atmosphere and ocean, as well as sea ice and land models. Other components of the Earth system, such as the carbon cycle and marine ecosystems, can also be simulated using CESM1, however we kept them inactive because we focus here on the climate response to glacial boundary conditions. The atmospheric general circulation model is the Community Atmosphere Model Version 5 (CAM5) configured on a finite volume (FV) grid at a nominal horizontal resolution of 2 with 30 pressure levels for the vertical coordinate. CAM5 includes comprehensive parametrizations for the simulation of moist turbulence, a shallow and deep convection, cloud microphysics, and aerosol-cloud-rainfall interactions (66). The land model is the Community Land Model Version 4 (CLM4) configured on the same 2 ⇥ 2 horizontal grid as the atmosphere model. CLM4 includes a prognostic carbon-nitrogen model, an urban canyon model, a prognostic land cover and land use, a crop model, a revised snow model with aerosol deposition of black carbon and dust, grain-size dependent snow aging, and vertically resolved snowpack heating (67). None of these features were active in our simulations with the exception of CLM's ability to pass dust mobilized by wind to the prognostic atmospheric aerosol module. This process is relevant for our study because dust emissions from exposed continental shelves could have an impact on rainfall by increasing aerosol loadings. The ocean general circulation model is the Parallel Ocean Program Version 2 (POP2) configured at the nominal horizontal resolution of 1 , with increased meridional resolution of about 1/3 on the equatorial wave guide, and 60 vertical levels. POP2 includes parameterizations for overflows, tidal mixing, and eddy mixing as described by (68). The reader is referred to a special collection of Journal of Climate (http://journals.ametsoc.org/page/CCSM4/CESM1) for a description of standard climate simulations performed with CESM1. 
Simulations

Last Glacial Maximum
The 21ka boundary conditions were implemented as follows:
Greenhouse gases -Concentrations of long-lived GHGs were prescribed following the PMIP3 Orbital -The latitudinal and seasonal distribution of incoming solar radiation is calculated using CAM5's standard algorithm (69) with orbital parameters for the 21 ka BP interval.
The solar flux was kept unchanged using the same value as in the control. Sea level / tidal mixing -The effect of altered tidal mixing due to exposed shelves was implemented following the approach of (12, 82), resulting in increased mixing over the Banda Sea and decreased mixing off the exposed Northwestern Australian Shelf.
Mean ocean salinity -The effect of reduced ocean volume on salinity was represented by adding 1 psu to the ocean initial conditions. This effect was already included in the initial conditions obtained from an existing LGM simulation performed with the Community Climate System Model Version 4 (CCSM4), the predecessor of CESM1. More details on initialization are given in section 5.
Vegetation -Vegetation was prescribed to be the same as in the control simulation, except for the regions covered by ice sheets or exposed due to lowered sea level. Different plant functional types (PFTs) were prescribed over exposed shelves according to the latitude. Runoff -Runoff over exposed shelves and snow accumulation over the ice sheets were redirected to the nearest ocean grid point in order to maintain a balanced freshwater budget. Routing of snow accumulation mimics iceberg discharge; however, these fresh water fluxes do not have the magnitude to represent the iceberg discharge associated with Heinrich events. Therefore the climate response to these abrupt events is not simulated.
Overflows -Parametrized overflows in the Ross and Weddell Seas were removed in all simulations with ice sheets because the associated ice shelves extend over the overflow source regions. The Denmark Strait and Iceland/Scotland overflows were kept unchanged as in the control simulation. The number of bottom levels was increased from 2 to 6 in order to alleviate an advective instability (81).
Dust -CAM5 was configured to run with its prognostic aerosol module requiring prescribed aerosols and dust emissions. All our simulations were run with the same dust emissions as in the control. There is evidence that high latitude dust deposition rates were from 2 to 20 times larger during glacial periods than interglacial periods (84-87). The increased dust loadings appear to be restricted to high latitudes (84-86), with little direct impact on the tropics (88). Dust-driven cooling of high latitudes could still drive inter-hemispheric temperature gradients that can alter patterns of tropical rainfall (29). These processes, however, are likely to be of second order relative to the magnitude of Northern Hemisphere cooling caused directly by the higher albedo of ice sheets.
Single forcing simulations
The single forcing simulations are listed in Table S4 . Additional simulations isolating the effect of exposure of the Sunda and Sahul shelves are listed in Table S3 . The procedure followed to isolate each climate response is described in Table 1 of the main manuscript.
Icesheets
We performed a series of simulations exploring different aspects of the response to ice sheets.
Simulation
LGM ICE includes all the ice sheet boundary conditions described in section 4.2, with the remaining glacial forcings (GHGs, orbit, sea level) set to preindustrial values. These simulations include a 120 m increase in continental height due to lowered sea level, but no altered coastlines. Differencing the climate of LGM ICE minus P I allows us to isolate the full climate response to ice sheets. Additional simulations were performed with the objective of isolating the response to ice sheet topography from the response to ice sheet albedo. Simulation
LGM T OP O included the topography of the ice sheets (and the 120 m increase in continental height), but with land surface properties defined as as in the control. In this simulation, the "brown" ice sheets exert mechanical forcing to the atmosphere, potentially affecting the atmospheric circulation, however without the cooling effect of the higher albedo. This simula- values, but differ in the surface properties over the areas covered by the Laurentide, Fennoscandian, and Patagonian ice sheets. This approach isolates the cooling effect of ice sheet albedo at high altitude. The rainfall and surface temperature changes isolated via this method are shown in figs. S6c, S7c, and S8c. The second method isolates the effect of albedo relative to the control topography. To estimate this response we ran an additional simulation with the distribution of continental ice set at LGM values, but over the modern topography. The response to albedo can also be estimated by differencing the climate of this LGM ALB simulation from the P I control. This approach isolates the cooling effect of the albedo of the ice sheets relative to the modern topography. The rainfall and surface temperature changes isolated via this method are shown in ig. S6d and S7d. We discuss the differences between the responses obtained from these two approaches in section 7.
Sea level
An additional set of simulations were run focused solely on the effect of sea level on the geography and bathymetry of the Maritime Continent. In these simulations we applied the "Sea level" boundary conditions described in section 4.2 over the MC box. Outside this region all boundary conditions were set at PI values. These simulations were extensively analyzed in a previous study showing the importance of coupled air-sea interactions in the climate response to exposure of Sahul shelf (12). Simulations LGM SU N DA , LGM SAHU L , and LGM SU N DA+SAHU L include the effect of exposure of the Sunda, Sahul, and both shelves combined respectively.
These simulations allowed us to isolate the role of each shelf in the full response. The LGM SL simulation includes exposure of both shelves plus additional effects of lower LGM sea level over the Maritime Continent region, such as shallower ITF passages and increased tidal mixing.
These additional factors drive negligible changes compared to shelf exposure (12).
Dependence on shelf surface properties S1 ). The only differences are located off the coast of northern Australia, where the model simulates pronounced coastal warming in the vegetated and bare soil cases (figs. S1c, S1e, and S1g). This response is caused by warming of the adjacent Sahul shelf during austral Spring due to a reduction in evaporative cooling because the land surface is drier than in the wetland case (12). All simulations show consistent large-scale changes over the Indian Ocean regardless of the surface properties showing this coastal warming is not essential for the large-scale response. Instead, the large-scale response is controlled by the albedo of the shelf surface (12), which increases in all cases, including the wetland case.
Greenhouse gases
We performed an additional simulation in which GHG concentrations are set to LGM values and all other boundary conditions are kept unchanged as in the PI control. This simulation (LGM GHG ) allows us to estimate the climate response to lower LGM GHG concentrations. An ddditional simulation was run combining all sea level boundary conditions over the MC box (LGM SL ) with LGM GHGs and orbit (LGM SL+GHG+ORB ).
Initialization and climate equilibration Section S
Our LGM simulation was run until the climate system, including the deep ocean, was close to radiative equilibrium. This simulation was initialized from a similar LGM run performed with version 4 of the Community Climate System Model (CCSM4), which was also run to near equilibration (81). As a result our simulation required only 500 years for the ocean to reach a new equilibrium with the LGM forcings. We ran the model for an additional 600 years to obtain a sufficiently stable and long climate to compute climatologies. During this period the deep ocean continues to adjust to the forcing, however at slower rates ranging from 0.1 K per century near the surface m and less than 0.05 K per century below 2000 m (not shown).
The north Atlantic shows the largest trends, which can reach to 0.15 K per century in areas of deep convection down to 2000 m. Our full ice sheet only simulation, LGM ICE , was initialized from the last year (year 1100) of the new LGM simulation. Because this simulation has PI GHG forcing it took 700 years to warm up until the climate equilibrated. The last year of this simulation was used to initialize the other ice sheet simulations, which required a shorter equilibration time of about 100 years. Our GHG simulation (LGM GHG ) was initialized from the last year of an existing simulation with LGM GHGs (81). All of our sea level simulations were initialized from the PI control. Our simulation combining sea level, GHGs, and orbit,
LGM SL GhgOrb, was initialized from LGM SL and took 300 years to cool down and equilibrate.
Quantitative proxy-model agreement Section S
The role of each glacial forcing and associated mechanisms was assessed by quantifying the agreement between the simulated changes with two multi-proxy reconstructions.
Hydroclimate
We explored the sensitivity of the proxy-model agreement to the spatial extent of the proxy net- S3f ). This part of the proxy network is better suited to capture the dipole of dry warm pool and wetter east Africa, which is more pronounced south of the equator. This analysis indicates that the proxy network is well suited to capture all the responses simulated by our model. The response to ice sheet albedo cannot be isolated with statistical significance. However, it improves the agreement in combination with the sea level response (Fig. 4, fig. S3b ).
Sea-surface temperature
We also assessed the agreement between simulated SST changes ( fig. S5) S4d) . Overall, this analysis demonstrates that our conclusions are not sensitive to the calibrations used to estimate SST changes.
Climate response to ice sheet boundary conditions Section S
Here we provide a more detailed discussion of the mechanisms involved in the response of the Indian Monsoon to ice sheet boundary conditions. We isolate the responses to albedo and topography, and explore whether these responses interact nonlinearly. Previous studies suggest that the response of the extra-tropical circulation to ice sheet topography and albedo (89, (92) (93) (94) .
Less is known regarding nonlinearities in the tropical response. A recent study has shown that the temperature and rainfall responses to LGM GHGs and ice sheets are largely linear (95), particularly in the tropics. However, this study did not separate the responses to ice sheet albedo and topography. A previous study showed that albedo can have a larger effect on Pacific climate depending on the altitude of the ice sheets (96), but did not focus in the Indian monsoon. Here we revisit this issue computing the response to albedo, both relative to PI or LGM topography, in order to exclude or include these interactions.
The annual-mean response to full ice sheet boundary conditions shows drying over the western IO, Arabian Sea, the Indian subcontinent, and over the South China Sea (fig. S6a) . Analysis of the individual responses shows that albedo plays a more dominant role than topography in causing the patterns of drying over the IPWP warm pool, particularly the drying over India ( fig.   S6 , bottom). The topography of the ice sheets causes wetter conditions in the region (fig. S6b ).
The two approaches to isolate the response to albedo yield responses with different rainfall patterns over the Pacific ( fig. S6c vs. fig. S6d ), revealing nonlinear interactions between albedo and topography. These nonlinearities could arise from changes in atmospheric circulation over the North Pacific, which previous studies showed can cause tropical cooling via intensification of the subtropical cell and equatorial upwelling (97). In contrast, the response over the Indian Ocean and monsoon domain exhibits similar responses for either method ( fig. S6c vs. fig.   S6d ). This suggests a more linear response, and therefore, a lesser role for changes in extratropical circulation as in the Pacific. In the next subsection we discuss the mechanisms driving this changes by focusing on the summer time response.
Monsoon response
The most prominent feature of the ice sheet response over the Indian ocean is a weakening of the Indian Summer Monsoon (ISM), which is seen as a reduction in rainfall over the Arabian Sea and the Indian subcontinent during July-August-September season (Fig. 5 and fig. S8a ).
Ice sheet topography has an influence over this region, but the changes are opposite in sign of the full response ( fig. S8b ). Our simulations show that the glacial weakening of the ISM is driven by the effect of ice sheet albedo (figs. S8, bottom). The ISM drying is stronger in magnitude when computed relative to LGM topography (Fig. S8c) than relative to the control topography ( fig. S8d) . However, both methods yield similar large-scale patterns over Africa and India suggesting that the main characteristics of the response are largely independent of ice sheet topography. In the following, we focus our analysis on the albedo response relative to
LGM topography.
We performed an additional set of simulations with the objective of identifying the mechanisms involved in the ISM response to ice sheet albedo. These simulations were ran with CESM1 configured with the same atmosphere and land models (CAM5 and CLM4) coupled to ocean models of varying complexity. In all cases the response to albedo was isolated relative to LGM topography (LGM ICE -LGM T OP O ). First we replaced the fully dynamical ocean (POP2) with a model of the ocean mixed layer. In this model, the effect of vertical mixing, entrainment, and horizontal currents is prescribed as a seasonally-varying heat source, or Q-flux.
Because the effect of these ocean processes on SSTs is fixed, changes in sea-surface temperature (SSTs) computed by this "slab" ocean model can only be influenced by energy exchanges with the atmosphere, such as changes in evaporation or clouds. Note that this configuration uses CICE, the fully interactive sea ice model, as in the fully-coupled configuration. In the second case, the ocean model consists of climatological SSTs and sea ice extent from the preindustrial (PI) control. In this configuration the air-sea heat fluxes are computed but cannot change the fixed SSTs and sea ice extent. Because SST and sea ice remain unchanged all climate changes simulated in this configuration are due to atmosphere changes uncoupled from the ocean, but influenced changes over land. For each "slab" and "SST-forced" configuration we ran a P I, LGM ICE , and LGM T OP O simulation for 100 years after 10 years of equilibration.
All slab ocean simulations were run with Q-flux computed from the fully-coupled P I control and boundary conditions as in the corresponding fully-coupled case as specified in Table S4 .
Similarly, all SST-forced simulations were ran with seasonally-varying climatological SSTs and sea ice cover obtained from fully-coupled P I control and all other boundary conditions as in the fully-coupled cases as specified in Table S4 . The resulting "thermally coupled" and "uncoupled" responses were computed as in the fully-coupled case (LGM ICE -LGM T OP O ).
Our hierarchy of simulations shows that most of the features of the boreal summer response simulated independently of the degree of ocean-atmosphere coupling ( fig S9) . All simulations show cooling over the Northern Hemisphere continents extending equatorward over Africa and Asia ( fig S9a, fig S9b) . We tested the relative roles of the Northern Hemisphere ice sheets with an additional simulation where continental ice was prescribed only over the Fennoscandian ice sheet (FIS). This simulation exhibits much weaker cooling relative to the response to both ice sheets combined (not shown), indicating that the Laurentide ice sheet (LIS) is the dominant driver of the changes. These results confirmed that the cold air generated by the lower albedo of the LIS is advected by the mid-latitude westerlies cooling the Northern Hemisphere continents.
In addition, CESM1 simulates a zonal band of land surface warming extending from the Sahel to northern India. (fig. S9 top, red shading) . Collocated with this band of warming, CESM1 simulates a band of reduced rainfall ( fig. S9, middle) that extends along the edge of the Saharan and Arabian deserts. For timescales involved in the seasonal response of the monsoons to northern cooling, deep convection is expected to be controlled by the distribution of subcloud layer entropy (98). We diagnosed the changes in moist entropy in terms of the equivalent potential temperature, ✓ e , using Bolton's formula (99). The subcloud-layer entropy is defined as ✓ e values on a terrain-following model level about 20 hPa above the surface as in (35). We find that the band of reduced rainfall is also characterized by reduced sub cloud ✓ e ( fig. S9 bottom), indicative of an environment that is less conducive for deep convection.
Thermodynamic coupling with the ocean increases the magnitude of the land surface temperature and rainfall changes, but does not change their spatial pattern ( fig. S9 . This demonstrates the dominant role of atmospheric processes communicating high latitude albedo cooling to the northern hemisphere tropics. The response with a fully-coupled ocean is nearly identical to the slab-ocean configuration (not shown), therefore we focus our analysis on the "uncoupled"
and "thermally coupled" responses. We propose the following link between albedo cooling over the LIS and the the drying of the ISM. Colder and drier glacial air generated over the LIS is advected downstream by the climatological mid-latitude westerlies. This air is mixed equatorward by atmospheric eddies displacing warm and moist air during the summer advance of deep convection associated with the Afro-Asian monsoon. This response is consistent with the "ventilation" mechanism proposed as a limit for the poleward extent of the monsoons (32). A similar response was seen in simulations in response to North Atlantic cooling (33), which is consistent with our analysis since both regions of high latitude cooling are upstream from the monsoonal response. Feedbacks internal to the monsoons appear to further amplify their initial retraction. Our simulations show that the anomalous meridional gradient in land surface temperature ( ig. S9 top, shading) drives an anomalous meridional circulation ( ig. S9 top, vectors).
These changes in circulation reinforce the initial weakening of the monsoon by enhancing the equatorward advection of cold and dry air.
The area with reductions in deep convection is accompanied by surface warming of about 2K ( fig. S9 top, red shading) . Our simulations indicate that this warming is a response to the reduction in convection and not a driver. Diagnosis of changes in surface energy fluxes changes shows that the warming over the Sahel, Arabian Peninsula, and south Asia is caused by a decrease in cloud cover ( ig. S10a-c) and associated increased surface radiation ( ig. S10d-f).
This increase in surface radiation in cloudy skies is balanced by a decrease in surface radiation in clear skies ( ig. S9g-i). This response is caused by decreased water vapor absorption as the air column becomes much drier when the monsoons retreat. A decrease in evaporative cooling also contributes to the surface warming ( fig. S9j-l (Fig. 5a or fig S9c) . Cooling over the Arabian sea plays a key role explaining the rainfall reductions over the ISM core region simulated in the thermally-(Figs. 5e or S9d) and fully-coupled cases (Fig. 5f ). The colder SSTs reduce the convergence of moisture by the climatological monsoon driving a reduction in rainfall over the core ISM region. This thermodynamic reduction in moisture convergence overwhelms the dynamic effect of increased monsoonal flow, which otherwise would increase ISM rain, as seen in the uncoupled case (Fig. 5a or fig. S9c ).
Further analysis of the uncoupled case shows that the cooling of the Arabian sea is initiated by the retreat of the Afro-Asian monsoon discussed above. This link is established as follows.
The retreat of the Afro-Asian monsoon warms the Arabian Peninsula (Figs. 5d and S9a) creating a land-sea contrast relative to the Arabian sea, which remains unchanged. This gradient drives stronger along-shore winds via thermal wind balance (Fig 5d, vectors) . All the terrestrial records in our synthesis are consistent with rainfall reductions associated with a weaker ISM during LGM. Furthermore, there is growing evidence from remote isotopic records that the ISM weakened in response to glacial conditions over the past 120 ka (100), also supporting our conclusions. Our proposed mechanism is also well supported by the SST proxies, which show pronounced cooling over the Arabian Sea. The enhanced land warming, another key element of our mechanism, is, in contrast, more challenging to constrain. A record from northern Oman (101) is ideally located to capture this warming signal. This record shows ⇠ 6.5 K of cooling during the LGM. This value is not necessarily at odds with our simulations because the warming associated with enhanced monsoon ventilation is a summertime response and can be overwhelmed by cooling during winter time, resulting in a more muted cooling. This can be seen in our albedo-only simulations, which show annual mean cooling of about 2K over this region ( fig. S7c ). More importantly, while the albedo-only response shows muted annual mean warming over parts of North Africa and Arabia due to monsoon ventilation and winter cooling combined ( fig. S7c) , the additional effects of ice sheet topography drive additional annual mean cooling ( ig. S7a). Including the cooling effect of lowered GHGs would lead to more pronounced cooling and closer agreement with the the northern Oman record (101). 
LGM 60˚E (f) Fig. S9 . Boreal summer response to ice sheet albedo as a function of ocean-atmosphere coupling. C h a n g e s in surface temperature (top), rainfall (middle), and low level entropy (bottom) during July-August-September (JAS) simulated by CESM1 in response to ice sheet albedo. Vectors indicate surface wind changes. Responses under varying degrees of ocean-atmosphere coupling are shown: CESM1 with fixed sea-surface temperatures (uncoupled) and with mixed-layer ocean model (thermally-coupled). The response with a fully interactive ocean model is not shown because it is identical to the thermally coupled case. Low level entropy is computed as the equivalent potential temperature on a terrain-following model level about 20 hPa above the surface as described in section 7.1. 
